Abstract. Electron Spin Resonance (ESR) of α-TDAE-C 60 in a crystalline form was performed under pressure to investigate the mechanism of ferromagnetic phase transition, where TDAE is tetrakis-dimethylamino-ethylene. Curie temperature T C decreased parabolically, reaching zero around 9 kbar. It is demonstrated that an antiferro-orbital ordering model of Jahn-Teller distorted C − 60 anion is consistent with the experimental data, not only qualitatively but also quantitatively. Enough higher pressure than 10 kbar transforms α-TDAE-C 60 to β-type polymerized-form along caxis with [2+2] cycloadditive mechanism at room temperature. The β-form is stable even at ambient pressure and up to ≈430 K. Prominently, in the β-form, the spin on TDAE + cation, that was missing in the α-form, revives with the ESR g-shift in-between RbC 60 polymer and TDAE + radical cation.
INTRODUCTION
A discovery of ferromagnetic transition at 16 K in TDAE-C 60 [1] provoked a vast number of investigations to unvail its magnetic property and mechanism. In the early stage of research, as-grown powder form of TDAE-C 60 , which is a mixture of ferromagnetic α-and paramagnetic α'-TDAE-C 60 , was used, which gives rise to a variety of models, such as itinerant ferromagnetism [2] , superparamagnetism [3] , spin glass [4] , and weak ferromagnetism, to interpret the curious experimental results. Later on, it was found that the physical properties of this material are extremely sensitive to the sample form and annealing procedure [5, 6] . This fact could suggest the merohedral ordering of C 60 balls plays an important role in appearance of the ferromagnetism. Actually, Kamebe et al. reported an observation of X-ray superlattice peaks developed below 180 K and suggested a dimerization of unit cell size [7] . It is impressive that the structure of α-and α'-phases is very similar to each other, except for symmetry lowering of α form caused by C 60 's merohedral ordering at low temperatures [7, 14, 15] . In this report, we will propose a model based on antiferro-orbital ordering of Jahn-Teller distorted C 60 balls, consistent with the present experimental results under pressure [8] [9] [10] [11] [12] , and demonstrate the physical properties of the polymerized β-phase. Fig. 1 demonstrates the remarkable difference in the temperature dependence of ESR linewidth among the three phases, α, α' and β. This difference might be due to different exchange interactions between the electron spins, dominated by different merohedral ordering and/or bondings between the neighboring C 60 's. Fig.  2 shows a narrowing of ESR linewidth under pressure. This would come from an increase of exchange interaction with decreasing C 60 distances. [6] , and the open and closed diamonds: β-phase [11, 12] . Fig . 3 shows the pressure dependence of the Curie temperature measured under various static pressures generated with a CuBe clamped-type cell and Daphne 7373 oil [8, 11, 12] . The indicated pressures for T ≤ 100 K are estimated using the reported data [13] . The external magnetic field was applied less than 30 Gauss to ensure negligible perturbation to T C . Fig. 3 looks remarkably insensitive to the pressure in comparison with the reported data for a powdered sample [2] . T C survives up to 7 kbar, approximately following a parabolic formula represented by the solid curve, which is a prediction by a model of antiferro-orbital ordering of Jahn-Teller distorted C 60 's with appropriate parameters [8] . This model is consistent with the recently determined structure [7, 15] . Further, ESR evidence of Jahn-Teller distortion of C 60 was reported in a model compound to observe Jahn-Teller splitting by reducing the exchange interaction between C 60 's [16] . X-ray analysis in a similar compound suggested a stabilization of static Jahn-Teller distortion by symmetry lowering induced by the merohedral ordering [17] . Table 1 shows physical properties of polymerized β-phase [11, 12] . From the c-axis lattice constant, it is concluded that the β-phase is a [2+2] cycloadditive polymer phase. At ambient pressure, the polymer phase is confirmed to be stable up to ≈430 K for 30 min through the ESR linewidth at 300 K. Since the β-phase seems to have a triclinic structure, a single crystal converted to the β-phase is no longer single crystal because of multiple possibilities for a conversion to the β-phase from Hydrostatic pressure ƒ ≈ 50~100MHz FIGURE 3. T C versus P 50K in TDAE-C 60 . The solid curve indicates the theoretical prediction with the data up to 7.4 kbar [8, 11, 12] .
RESULTS AND DISCUSSION

